The uptake of '4C-a-methyl-D-glucoside (aMG) by washed cells of Mycoplasma strain Y was found to be dependent on the supply of metabolic energy. Glycerol or D-mannose, but not L-lactate, would serve as an energy source. Uptake was inhibited by fluoride, iodoacetate, and arsenate, but not by 2,4-dinitrophenol. D-Glucose was inhibitory, presumably by competing for the transport system. The initial product of accumulation had the properties of a phosphate ester of aMG. The proportion of free aMG in the cells increased with time, until a steady state was reached in which uptake was balanced by the efflux of free aMG from the cells. Broken-cell preparations catalyzed a phosphoenolpyruvate-dependent phosphorylation of aMG and of D-glucose.
MATERIALS AND METHODS
Organism, medium, and cultural conditions. Mycoplasma strain Y (2), from goats, was employed in this study. The strain was cultured at 37 C without aeration in BVFOS medium (8) . This consists of a pig stomach digest of beef liver and muscle, buffered and supplemented with 10% of ox serum, and with glucose, glycerol, and oleate (4) . The organisms were harvested by centrifugation at 34,000 x g for 10 min at 5 C. The harvested cells were washed twice in sodium-phosphate-magnesium (NPM) buffer, containing 0.25 M NaCl, 0.02 M SOdium phosphate, and 0.01 M MgSO4, at pH 7.0. The washed cells were then resuspended in sufficient cold NPM buffer to give a cell concentration containing approximately 3 mg of protein per ml. Uptake studies. Unless otherwise stated, amethylglucoside (aMG) uptake was measured at 37 C in a test system containing 100 umoles of NaCl, 11 ,gmoles of tris(hydroxymethyl)aminomethane (Tris)-hydrochloride buffer (pH 7.1), 8 gmoles of sodium phosphate buffer (pH 7.1), 5 Amoles of KCl, 4 zmoles of MgSO4, 4 ,umoles of glycerol, 11 gg of catalase, and washed cells (ca. 0.5 mg total protein) in a total volume of 0.45 ml. After preliminary incubation for 5 or 10 min, "4C-aMG was added to give concentrations in the range 1.5 x 10-to 5 x 10-4 M. Initial rates of uptake were independent of concentration within this range. Samples (0.1 ml) were withdrawn from the reaction mixture at intervals and rapidly diluted into 1.0 ml Tris-lithium-phosphate-magnesium (TLPM) buffer (containing 0.025 M Tris-hydrochloride, 0.25 M LiCl, 0.025 M potassium phosphate, and 0.01 M MgSO4 at pH 6.6) to terminate the reaction. The mixtures were filtered immediately through membrane filters (Millipore PHWP; 0.3-,gm pore size and 25-mm diameter), soaked in 10-3 M 12C-aMG, and washed with water before use. The organisms were washed on the filter with four 2.0-ml volumes of ice-cold TLPM buffer. The filters were transferred to scintillation vials, dried, suspended in 10 ml of toluene scintillation fluid, and counted in a Packard Tri-Carb liquid scintillation counter. Tests with cells labeled by growth with 3H-thymidine showed that more than 98% of them were retained by 0.3-,um filters.
Assay of PEP-phosphotransferase activity. For the PEP-phosphotransferase assay, suspensions of the washed cells in NPM containing 1 mg of 2-mercaptoethanol per ml were disrupted in a French press at 3 C. The broken cells were dialyzed against NPM buffer containing mercaptoethanol (1 mg/ml) for 2 hr at 3 C. A 0.15-ml amount of dialyzed enzyme (containing ca. 3 mg of protein/ml) was incubated in a solution of PEP (1 gmole), NaF (3 Mmoles) and 25 nmoles of "C-aMG (0.05 ,Ci). The reaction was stopped by heating at 100 C for 3 min. The "C-labeled product was separated from the unreacted glucoside by absorption on Dowex 1 bicarbonate, followed by the elution of unchanged aMG with water. Anions were then removed by elution with 0.4 M ammonium bicarbonate, pH 8 . Samples of the eluates were counted in dioxane scintillation fluid.
Reagents. All reagents were commercial products. D-glucose-U-"C and methyl-(a-D-gluco-U-14C)-pyranoside-( "C-aMG) were purchased from the Radiochemical Centre, Amersham, Berkshire, England. Catalase, purified powder from bovine liver, was purchased from Sigma. Wheat germ lipase type I, also from Sigma, was used as the source of acid phosphatase.
RESULTS
The respiration of Mycoplasma strain Y is greatly stimulated by the addition of glucose or maltose, but aMG is without effect on 02 uptake. Although this indicates that aMG is not metabolized, its rapid accumulation can be demonstrated (Table 1) . Uptake was rapid in the presence of glycerol, but negligible in the absence of an energy source or when arsenate was present. In the absence of catalase, the initial uptake of 14C-aMG was followed by a loss of label from the cells. Rodwell (5) has shown that glycerol dissimilation in strain Y, as in M. mycoides strain V5, involves the oxidation of a-glycerol phosphate to triose phosphate, with the formation of H202. Unless catalase is added, peroxide accumulation soon leads to inhibition of respiration. Addition of catalase prevented the loss of accumulated "C-aMG, high levels of which were then maintained for periods of at least 60 min ( Fig.   1 ).
Although the rate of 02 consumption by strain Y was higher with L-lactate than with glycerol as substrate, L-lactate oxidation did not stimulate the uptake of aMG. Glucose in- Table 2 , the uptake of aMG was inhibited by sodium fluoride and sodium iodoacetate, which are inhibitors of enolase and triosephosphate dehydrogenase, respectively. The effects of these inhibitors, and of arsenate, were those expected if glycerol serves as a source of PEP to drive the transport system. The uncoupling agent 2, 4-dinitrophenol did not prevent uptake.
Nature of the accumulated material. After the cells had been allowed to accumulate 14C-aMG, the label was readily extracted from the cells by immersing the washed filters in distilled water at 100 C. After short periods of incubation, some free aMG was present, but most of the "C was in a form which was retained by Dowex 1 bicarbonate and eluted therefrom with 0.4 M NH,HCO3. This product was also precipitated by Ba2l in 80% ethanol. Its ionophoretic mobility on filter paper at pH 3.5 (pyridine-acetic acid, 0.2 M) was the same as that of glucose-6-phosphate. Treatment with acid phosphatase converted it to a substance which was no longer Ba2+-precipitable or retained by Dowex 1, and which behaved like free aMG on paper chromatograms, run in n-butanol-pyridine-water (6:4:3) and in nbutanol-ethanol-water (40:11:19). The anionic accumulation product thus has the properties of a methylglucoside phosphate (aMGP). The proportion of the accumulated label present in the anionic form decreased with time ( Fig. 2) , indicating that aMGP is the initial accumulation product, and is subsequently split to the free glycoside.
Turnover and the steady state. Figure 3 shows an experiment in which the cells were exposed either to '4C-aMG from the start of the experimental period, or to unlabeled aMG for periods of 8 and 15 min, respectively, after 100, 80 which "C-aMG was added to give the same specific activity. Preloading with the unlabeled glucoside had little or no effect on the rate of accumulation of the isotope or the level attained, indicating that a continuous turnover of the intracellular aMG was taking place. To determine whether efflux of aMGP was occurring under steady-state conditions, samples of the filtrates were fractionated on Dowex 1. No significant amount of aMGP was detected, indicating that dephosphorylation precedes efflux.
Specificity. The presence of various unlabeled sugars inhibited uptake of "4C-aMG as shown in Fig. 4 . In this case the cells were incubated with the unlabeled sugars and glycerol for a period of 5 min before the addition of the labeled glucoside.
When unlabeled glucose was added to cells which had accumulated "IC-aMG to the maximal level, there was a rapid disappearance of the label from the cells (Fig. 5) . This was not observed after the addition of galactose or mannose. The glucose effect may be due to phosphorylation of aMG was observed (Table  3 ). In the absence of NaF, adenosine triphosphate (ATP) also stimulated the conversion of the glucoside to an anionic product. This reaction was inhibited by 102 M NaF. Presumably ATP can give rise to PEP by a fluoride-sensitive pathway. The anionic product had the same properties as did the product accumulated by intact cells in the presence of 1C-aMG, and was also split by phosphatase to a compound indistinguishable from free aMG. The phosphorylation of "C-aMG was inhibited by the presence of other sugars ( Table 4 strain Y shows many points of resemblance to those of Escherichia coli and other bacteria (1, 6) with respect to energy dependence, the effect of inhibitors, and the relationship of the steady state concentration to influx and efflux (9) . We have not determined the number of component proteins of the phosphotransferase system, or whether phosphatidylglycerol (PG) is required as in E. coli (3) . PG is the most abundant phospholipid in strain Y. The presence of a high level of glycerophosphate oxidase activity in strain Y, as in M. mycoides, is puzzling since glycerol is an essential nutrient for these organisms, being required for the synthesis of membrane lipids.
The explanation may lie in the fact that glycerol can serve as a source of PEP for the initiation of sugar transport in cells depleted of sugar.
